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The footprint of the radio signal

A. Nelles et al., 2014, Astroparticle Physics, 60, 13-24
A. Nelles et al., 2015, Journal of Cosmology and Astroparticle Physics 05, 018
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What is the shape of the radio signal footprint?
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Simulation study
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On the ground level

Particle production
— CORSIKA 7.400
with FLUKA 2011.2b and QGSJETII.04
Radio emission — CoREAS
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Simulation study
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P — total power of the integrated signal

x' — coordinate along the v x B direction

y' — coordinate along the v x (v x B) direction
X, — location parameter along v x B

Y, — location parameter along v x (v x B)
o, — width parameter
A, — amplitude parameter
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Simulation study
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Simulation study
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Simulation study
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Simulation study

—[(x — 2 y = '+2 (' — 2 ' — 2
P(J_,ty;):&_exp( (@ =X ) + (Y )])_A _exp( [( Y)j( Y}])

Rl SR . o
E [ -simulation E £ -simulation
=, 15— . . = 15 . .
< F - linear fit < [ - linear fit
S 16— g .163_
E .17:_
-7 E
- 18—
-18— C
n 18—
19— =
C 20—
.zu:_ E
_.|....|....|....|....|....|....| '21_.|....|....|....|....|....|....|
16 16.5 17 175 18 185 19 16 165 7 175 18 185 19
log (Energy [eV]) log(Energy [eV])
2
Ai X I‘lcharged o E

For coherent emission

Laura Rossetto — LOFAR Science Workshop — June 2" — 3™ 2015, Assen



Simulation study
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Width of the distribution g, is proportional to the distance of the shower maximum from ground level

D(Xpax)[g/cm?] = Xatm|g/cm?]/ cos(8) — Xmax|g/cm?]
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Simulation study
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Shift of the positive and negative Gaussian w.r.t. the shower core is proportional to the azimuth
— combination of the geomagnetic and charge excess effect in the radio emission
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Data analysis: reduction of free parameters

—[(a" — 2 . 9
P(',y) = Ay - exp ( [( Xp)gg— (v —Ye) })
—@ - (Xet+z )"+ (v — Yo)]
—C - A-|— - exp ( (03 : ggCJ+Cg-J+)2

The number of free parameters can be reduced by considering correlations between
parameters
— the maximum reduction is obtained by using only 4 free parameters
X — location parameter along v x B
Y _ — location parameter along v x (v x B)
o, — width parameter
A, — amplitude parameter

- C,, C, and C, constant
— C, binned for zenith angle
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Parametrization applied to DATA
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Reconstruction of shower parameters
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Reconstruction of shower parameters

Energy of primary particle
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Reconstruction of shower parameters

Shower maximum
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Width parameter o, proportional to 1/cos(8)

D(Xmax)[g/cmz] = Xatm[g/cmz]/ cos(f) — Xmax[g/(:m2]
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Reconstruction of shower parameters

What does it happen at frequencies around 100 MHz?

A. Nelles et al., 2015, Astroparticle Physics, 65, 11-21
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Reconstruction of shower parameters
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Conclusions

* Simulation study of the radio emission signal at ground level
— double Gaussian distribution with minimum 4 free parameters
— parameters related to shower properties

* The parametrization function has been used to fit ALL LOFAR data
— good agreement for both LBA and HBA data

* Independent method for measuring the energy,
depth of the shower maximum,
position of the shower axis at ground level
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